The expression of the thyroid-stimulating hormone (TSH) receptor and the cAMP-dependent protein kinase RII beta regulatory subunit confers TSH-cAMP-dependent growth to mouse fibroblasts.
TSH activates its specific receptor in thyroid cells and induces cAMP, a robust stimulator of thyroid cell proliferation. Conversely, cAMP is a potent inhibitor of growth in mouse fibroblasts. To dissect the signals mediating cAMP-dependent growth, we have expressed in mouse fibroblasts the human thyrotropin receptor (TSHR) or a constitutively active mutant, under the control of the tetracyclin promoter. Both TSHR and cAMP levels were modulated by tetracyclin. In the presence of serum, activation of TSHR by TSH induced growth arrest. In the absence of serum, cells expressing TSHR stimulated with TSH, replicated their DNA, but underwent apoptosis. Co-expression of cAMP-dependent protein kinase (PKA) regulatory subunit type II (RIIbeta) inhibited apoptosis and stimulated the growth of cells only in the presence of TSH. Expression of RIIbeta-PKA, in the absence of TSHR, induced apoptosis, which was reversed by cAMP. Growth, stimulated by TSHR-RIIbeta-PKA in mouse fibroblasts, was also dependent on Rap1 activity, indicating cAMP-dependent growth in thyroid cells. As for the molecular mechanism underlying these effects, we found that in normal fibroblasts, TSH induced AKT and ERK1/2 only in cells expressing TSHR and RII. Similarly, activation of TSHR increased cAMP levels greatly, but was unable to stimulate CREB phosphorylation and transcription of cAMP-induced genes in the absence of RII. These data provide a simple explanation for the anti-proliferative and proliferative effects of cAMP in different cell types and indicate that RII-PKAII complements TSHR action by stably propagating robust cAMP signals in cell compartments.